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論 文 内 容 の 要 旨 
 
Chapter 1 General Introduction 
Although there are a lot of literatures reporting eye-head movement coordination, 
there are few studies examining the relationship between the head direction and eye 
distribution during gazing a region in a scene. Considering that we shift our gaze sequentially 
in our daily life, it is not enough that only eye-head coordination during one single saccade 
has been studied by using the simple stimulus and tasks. It is important to investigate the 
motor control system during the period of fixations, in which the more visual information is 
processed. And it is also important to investigate the eye-head coordination under sequential 
gaze movements with continuous visual cognitive processing. The main goal of this study is to 
focus on the influence of visual cognitive processing, to investigate the eye-head coordination 
during viewing with cognitive tasks. To achieve this goal, the movement of the eyes, head and 
body were measured under visual searching, natural picture viewing, and dynamic video 
watching in an 8K ultrahigh-definition television during sequential gaze movements 
including gaze fixations and saccades to try to find out if there any general characteristic of 
the eye-head coordination exists in naturalistic conditions. 
In this study, we have two primary analyses purposes. First, we analyzed the 
distribution of eye position in different head orientation to find out the relation between eye 
position and head orientation during visual cognitive processing. Because the eyes are mobile 
in the head, eye-head coordination has been only investigated during gaze shifts, the eye-head 
coordination during gaze fixations have a poor understanding. However, Nakashima and 
Shioiri reported that visual performance was higher when the head and eye oriented in same 
directions than when their orientations were different. Second, we record the eye and head 
movements to investigate the eye-head coordination during multiple saccades. Previous 
studies have studied the eye-head coordination in ‘one gaze saccade, one eye and one head 
shift’ conditions using simple stimuli or tasks, even in some natural tasks, multiple saccades 
were well observed, the single saccade was only used to analysis. It is important to investigate 
the eye-head coordination both during fixations and saccades in tasks which are close to our 
daily life for better understanding of the natural eye-head shift control system. 
 
Chapter 2 Experiment 1: Visual Search 
In the present chapter, how the eyes and head move in coordination during visual 
search in a large visual field has been examined. Subjects moved their eyes, head, and body 
without restriction inside a 360° visual display system. Patterns of eye-head coordination that 
differed with those observed in single gaze-shift studies had been found. First, distribution 
bias of eye position during gaze fixation was highly correlated with head orientation. The 
  2
distribution peak of eye position was biased in the same direction as head orientation. This 
influence of head orientation suggests that eye-head coordination is involved in gaze fixation, 
when the visual system processes retinal information. Second, multiple saccades during one 
continuous head movement, and the contribution of head movement to gaze shifts increased 
as the number of saccades increased had been frequently observed. This relationship between 
head movements and sequential gaze shifts suggests eye-head coordination over several 
saccade-fixation sequences; this could be related to cognitive processing because 
saccade-fixation cycles are the result of visual cognitive processing. This further supports the 
role of eye-head coordination in visual cognitive processing. 
 
Chapter 3 Experiment 2: Picture Memory 
Eye-head coordination while viewing a natural static picture had been investigated 
in horizontal and vertical component respectively. The present study reveals that head 
orientation influences on the distribution of eye positions for static-pictures observation both 
in horizontal and vertical directions. And the present study also reveals that head 
contribution increases with the increasing of saccades frequency both in horizontal and 
vertical components. 
 
Chapter 4 Experiment 3: Quality Evaluation 
Eye-head coordination while watching a natural movie on ultrahigh-definition 
television had been investigated. The present study reveals that head orientation influences 
on the distribution of eye positions for dynamic-images observation both in horizontal and 
vertical directions. And the present study reveals that the head contribution increases with 
the increasing of saccades frequency in two different view distances both in horizontal and 
vertical components. 
 
Chapter 5 General Discussion 
The studies presented in this thesis investigated the eye-head coordination in the 
sequential gaze shifts under visual searching, natural pictures viewing, and dynamic video 
watching conditions. It was possible to find important properties of eye-head coordination by 
analyzing multiple saccades, which mentioned in previous studies but have not been 
systematic analyzed by using only simple stimuli or single gaze shifts analysis. The head 
orientation effect and head contribution with different size of the field of view were compared 
in this chapter. The correlation between the head orientation effect and the field of view and 
between the head contribution and the field of view could be determined. Both of the 
correlations showed the evidence of that our eye-head motor control system interacts with our 
cognition system systematically. 
 
Chapter 6 Conclusions 
The studies presented in this thesis investigated how the cognitive processing 
influences the eye-head coordination during the sequential gaze shifts in our daily life. By 
using the eye position distribution and head contribution while multiple saccades, it was 
possible to find important properties of motor control system and visual cognition system 
which would have been difficult to find using only simple stimuli or single gaze shifts. In 
summary, we revealed the eye-head coordination in three different tasks: visual searching, 
static picture viewing, and dynamic movie watching. The eye-head coordination analyses in 
two kinds of different gaze movements, fixation and saccade. The main findings in this thesis 
are that the eye-position distribution biases as the head orientation during the period of 
fixations. The head contribution and duration increases with the increasing of the number of 
saccades occurred during its movement. These findings provide important evidence for 
understanding the eye-head coordination during cognitive processing better and can be 
applied in gaze estimating and attention models. 
 
論文審査結果の要旨 
 
 我々は移動することで，様々な視点から周囲の世界を認識することができる。視線移動は，
そのための情報処理に不可欠であり，視覚認知において胴体，頭，眼球の動きは重要な役割を
持つ。視線移動時の頭部と眼球は，協調的に運動することが知られているが，これまでの研究
では，視線を正面から周辺の１点に移動するという単純な課題の，単発の視線移動に対するも
のがほとんどである。しかし日常生活では，視覚認知のための注視と視線移動が連続的に繰り
返される。著者は、視覚認知が大きく関わる日常場面における眼球と頭部の協調的運動に着目
し，連続的視線移動時の眼球と頭部の協調運動の特性を明らかにすることを目的に研究に取り
組んだ。本論文は、その成果をまとめたもので、全編 5章からなる。 
第１章は序論であり，本研究の目的と背景を述べている。 
第２章では、３６０度視野刺激に対する視覚探索課題を行い，被験者が胴体，頭部，視線を
移動する条件での視線分布について検討した。その結果，連続的視線移動に特有な特性として
以下の２点を明らかにした。ひとつは，頭部を基準とした眼球位置の分布が頭部方向に依存す
ることであり，頭部が胸部に対して右を向く場合，眼球は頭部のさらに右を向く傾向があるこ
とである。この結果は，注視時の頭部と眼球方向の関係が，単発視線移動時の眼球−頭部協調運
動に対応することを意味し，眼球—頭部協調運動の適応範囲を拡張したともいえる。もうひとつ
は，一回の頭部運動の間に複数の注視が生じる場合が数多く存在することであり，これは，単
発の視線移動の実験から知ることができないものであり，広視野において連続的視線移動を必
要とする課題を用いてこそ発見できた知見である。注視の回数と頭部運動の関係から，頭部運
動に対する注視回数が増加すると視線移動における頭部運動の寄与率は増大することが示され
た。これは，頭部運動の大きさが，単純に視線移動の大きさによって決定されず，注視時の視
覚認知処理の影響を受ける可能性を示すものであり，連続的視線移動時の眼球と頭部の協調運
動の新しい特性の発見として評価できる。 
第３章では、自然画像を用い，画像記憶中の視線移動について検討を行っている。本実験で
は，視覚探索実験と異なる課題と刺激で同様の眼球—頭部協調運動を見いだし，第２章の結果を
自然画像に拡張した点で評価できる。 
第４章では、自然動画像を用いた，画質評価中の視線移動の実験に関するものである。本実
験では，動画を用いた実験で，静止画と同様の眼球—頭部協調運動を見いだし，第２章および第
３章の結果を動画像に拡張した点で評価できる。 
第５章は結論である。 
以上要するに本論文は，連続的視線移動時の眼球と頭部の協調運動を明確化し，視覚認知処理
の影響も加えた視線移動制御のメカニズムに新たな視点を与えるものである。これは，複雑な運
動の制御への視覚認知過程の関与という点でも意義が大きく，システム情報科学ならびに高次視
覚情報学の発展に寄与するところが少なくない。 
よって，本論文は博士（情報科学）の学位論文として合格と認める。 
